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Abstract 
 
By the inverted emulsions the sodium bis(2-ethilhexyl) sulfosuccinate, containing solutions of sodium sulfide and cadmium chloride, 
cadmium sulfide nanoparticles were synthesized. Based on UV-ranges of a transmission the band gap and the CdS particles’ sizes were 
determined. Two groups of particles’ depressiveness were identified.  It is established that the order of the reversed emulsions coacervating  
with reagents changes the arrangement and properties of the formed colloidal particles. By the reverse emulsion coacervating with CdCl2 
solution to emulsion with Na2S solution beside sulfide cadmium particles S8 molecules are formed. These molecules restrained CdS particles 
growth.  
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1. Introduction 
Cadmium halgenid nanoparticles are of a great interest among scientific researchers. Thanks to their unique 
optical properties such as the absorbtion band edge hypsochromic shift as the particles sizes are reduced, the high 
brightness of fluorescence these nanoparticles are perspective for use as the contrasting agents in a nuclear magnetic 
resonance tomography and the fluorescing biomarkers in microscopy [1, 2, 3]. The images received on the basis of a 
luminescent signal of markers allow to carry out early diagnostics and treatment of oncological diseases.  
In the current research the cadmium sulphide  nanoparticles optical properties that were received by the reverse 
emulsion coacervating with bis(2-ethilhexyl) natrium sulfosuccinate (AOT), containing natrium suphide and 
cadmium chloride solutions were studied. 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Experimental 
The inverted emulsions with degrees of hydration ω = 10, the water defining the molar relation and AOT, prepared from 
0.1M of AOT solution in n-hexane and 0.1 M of water Na2S and CdCl2 solutions when mixing with a speed of 500 rev./min 
within 15 min. For solutions preparation the deionized water received on the «Vodoley» device was used. The cadmium 
sulphide particles’ synthesis was carried out by two reverse emulsions merging. In one of these emulsions solubilized water 
sodium sulphide solution was used, and in another - cadmium chloride. Mixes of the reverse emulsions were prepared with the 
reverse emulsion addition 0.05 – 14.14 ml and Na2S solution for 14.14 ml of the reverse CdCl2 emulsion, and addition of the 
same volumes of the reverse emulsion with CdCl2 solution for the reverse Na2S emulsion. 
The microstructure and form of the synthesized particles were determined by the method of the scanning electronic 
microscopy (SEM) on the JSM-6460LV "JEOL" device supplied with the x-ray spectrum power dispersive analyser. Particles 
optical properties of cadmium sulphide in the reverse emulsions were studied with the methods of UV-spectroscopy and 
photometry on Specol 1500 and KFK-3-01 devices. The length of an optical layer is 1 cm. Measurements of optical density 
were taken at wavelength ࣅ ൌ ૝૙૙ nm. 
From transmission specter in area 235 – 260 nm the band gap and the sizes of the synthesized particles were determined  with 
use of the following formulas: 
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where α is the absorption coefficient; T is the transmission in relative units; l is the thickness of the absorbing layer in 
centimeters; Е is the energy of a photon, eV; A is the coefficient that doesn’t depend on the frequency of the falling radiation; 
Eg  is the semiconductor’s band gap with the particles size of R; Eg is the volume semiconductor band gap;  m * is the specified 
mass of the exciton; ԰  is the Plank’s constant; ω is the falling radiation frequency; λ is the wavelength; c is  the velocity light. 
 
3. Results and discussion 
Spectra of a transmission of the particles of sulfide of cadmium received by interaction of AOT reverse emulsions with CdCl2 
and Na2S solutions are presented on Fig. 1, Fig. 2. From the drawings it is visible that when draining of the reverse emulsions at 
the volume contents of one of them from 0.36 to 1.80 vol. % spectra of a transmission are smooth function from the wavelength 
that points to monodispersion of the formed particles. At the volume maintenance of the reverse emulsions from 16.18 to 100 
vol. % are formed particles of polydisperse structure. Thus to each group of the particles having the close band gap there 
corresponds a certain site of a spectrum of a transmission. Inflection points on a spectral curve correspond to transition from one 
group of particles to another. Irrespective of an order of draining of the reverse emulsions on spectra of a transmission it is 
possible to allocate two areas for an assessment of band gap and the size of particles. Band gap of particles of sulfide of 
cadmium was found by means of extrapolation of linear part of spectral dependence ሺȽ԰ɘሻଶ ൌ ݂ሺ԰߱ሻ to an axis of energy of 
photons. The results of determination of band gap and the sizes of the particles of sulfide of cadmium received at various orders 
of draining and volume ratios of the reverse AOT emulsions are presented in Table 1. According to the obtained data, at the 
content in mix of one of the reverse emulsions from 0.36 to 1.80 vol. % are formed particles of one group of dispersion, and at 
the contents more than 16 vol. % - two groups. Within each group of particles with growth of concentration of one of the reverse 
emulsions band gap smoothly decreases and the sizes of particles smoothly increase. The largest particles of sulfide of cadmium 
are formed at addition to the reverse emulsion with emulsion cadmium chloride solution with sodium sulfide solution. Thus for 
particles of the second group of dispersion band gap comes nearer to value, characteristic for a volume monocrystal of CdS 
(2.53 eV). Particles in size of 2.3 – 2.9 nm have the considerable band gap that can be connected with small population 
loosening 3p- and σ* - conditions of bond of Cd – S. With increase in the size of particles the number of these states grows and 
the power gap between them is reduced. As a result, the edge of a strip of absorption in a range is displaced towards the big 
lengths of waves. 
 
It is necessary to highlight that the order of draining of the reverse emulsions considerably affects appearance of spectras. 
So, at addition of the reverse emulsion with CdCl2 solution to an emulsion with Na2S solution in specter there is band of  
absorption with a maximum of 276 nm (fig. 2). It agrees [4], this band belongs to σ → σ* to transition in a saturated molecule of 
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S8. Formation of a molecule of S8 is possible as a result of oxidation by hydrogen sulfide air oxygen – a salt hydrolysis product 
Na2S: 
Na2S + H2O ↔ NaOH + NaHS 
NaHS + H2O ↔ H2S + NaOH 
2H2S + O2 ↔ 2S + 2H2O. 
Measurements of optical density of mixes of AOT reverse emulsions showed that draining of emulsions leads to increase in 
light absorption that testifies to formation of particles of sulfide of cadmium (Fig. 3). Thus in the course of addition of an 
emulsion with CdCl2 solution to an emulsion with Na2S solution optical density at first sharply increases, and then smoothly 
decreases. The emulsions with CdS particles received at excess of Na2S solution have higher values of optical density, than the 
emulsions received at excess of CdCl2 solution. Consequently, Na2S solution – rich emulsion have more intensive citreous 
coloring, than CdCl2 solution - rich emulsion. In spite of the fact that larger particles of CdS are formed at addition of an 
emulsion with Na2S solution to an emulsion with CdCl2 solution, their light absorption appeared less, than light absorption of 
smaller particles formed at the return draining of emulsions. It can be connected with the allocation of the atoms of sulfur having 
yellow and lemon coloring and increasing chromaticity of an emulsion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Transmission spektras of AOT reverse emulsion with CdCl2 solution at addition of AOT reverse emulsion with Na2S solution (vol. %):  
0 (1); 0.35 (2); 0.71(3) ; 1.04 (4); 1,41 (5); 1,77 (6); 15,91 (7); 30,05 (8); 44.20 (9); 59.34 (10); 72.49 (11); 100 (12). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Transmission spektras of AOT reverse emulsion with Na2S solution at addition of AOT reverse emulsion with solution CdCl2 (vol. %): 
 0 (1); 0.35 (2); 0.71 (3); 1.04 (4); 1.41 (5); 1.77 (6); 15.91 (7); 30.05 (8); 44.20 (9); 59.34 (10); 72.49 (11); 100 (12). 
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Fig. 3.  Dependences of optical density of  AOT reverse emulsions with particles of CdS received at various orders of draining of reagents, from a volume 
ratio of AOT reverse emulsions with solutions  CdCl2 (1) и Na2S (2) 
Table 1. The band gap ሺܧோሻ and the cadmium sulphide particles sizes (R) received at various orders of draining and volume 
ratios of AOT reverse emulsions of containing solutions CdCl2 and Na2S  
 
  
2
2
CdCl
SNa
V
V
(vol. %) 
Groups of dispersion of particles  
I II 
RE (eV) R (nm) RE (eV) R (nm) 
0.354 5.165 2.358 - - 
0.707 5.138 2.372 - - 
1.042 5.12 2.378 - - 
1.414 5.107 2.384 - - 
1.768 5.100 2.388 - - 
15.912 5.035 2.418 2.960 5.830 
30.056 5.020 2.426 2.945 5.942 
44.201 4.990 2.440 2.936 6.005 
58.345 4.950 2.461 2.930 6.052 
72.489 4.900 2.486 2.925 6.091 
100 4.750 2.569 2.920 6.130 
  
SNa
CdCl
2
2
V
V
 (vol. %) 
I II 
0.354 5.081 2.397 - - 
0.707 5.074 2.400 - - 
1.042 5.069 2.402 - - 
1.414 5.066 2.404 - - 
1.768 5.064 2.405 - - 
15.912 5.041 2.415 4.282 2.892 
30.056 5.034 2.419 4.274 2.899 
44.201 5.028 2.422 4.270 2.902 
58.345 5.023 2.424 4.268 2.904 
72.489 5.020 2.426 4.266 2.905 
100 5.017 2.427 4.264 2.907 
 
Researches by the SEM method showed that when drying of the reverse emulsion with CdS particles received at excess 
concentration of Na2S at extent of hydration ω = 10 multilayered spherical structures are formed (Fig 4). On the EM images of 
these structures there are dark and light sites having various conductivity. The external layer of structures has low conductivity 
because they reflect an electron beam (light sites on EM picture). The central part of structures has higher conductivity (dark 
sites on EM picture). It is possible to assume that dark sites are formed by aggregats of cadmium sulfide particles, and light - 
atoms of sulfur. Definition of element composition of light sites showed that they are formed by atoms of sulfur. On EM picture 
it is possible to distinguish the closed chains and larger structures of atoms of sulfur. 
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Fig. 4.  EM image of the structure which is formed when drying of the AOT reverse emulsion with CdS particles received at Na2S excess concentration and 
extent of hydration ω = 10 
4. Conclusions 
The research of optical properties of AOT reverse emulsions with particles of CdS received at various orders of draining of 
reagents, and also the results of determination of the sizes of particles allow us to conclude that at the excess content of sulfide 
of sodium in water drops along with particles of sulfide of cadmium atoms of sulfur which unite in molecules of S8 and larger 
aggregates are formed. They cause more saturated citreous coloring of emulsions and contain growth of particles of CdS. 
 
The formation of cadmium sulphide colloidal particles happens at merge of drops to solutions of salts on reaction: 
NaHS + CdOHCl → NaCl + CdS + H2O . 
The cadmium sulphide colloidal particles structure can be presented in the following formulas: 
at surplus Na2S:   ሼሾሿሺሻିሺ െ ሻାሽ୶ିା ;  
at a shortcoming CdCl2:  ሼሾሿሺሻାሺ െ ሻିሽ୶ାି.  
The distinction in cadmium sulphide colloidal particles structure causes features of their electronic properties. 
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